Abstract. Heart-lung transplantation for cystic fibrosis has become an established form of treatment over the last few years. This paper considers the assessment and preparation of patients, the surgical procedure, immunesuppression, post-operative care and the results of surgery. The best survival rates to 1 year are 70%-80% with possibly a less favourable survival for younger patients. Major problems include shortage of donor organs, postoperative management of patients with multisystem disease and obliterative bronchiolitis. The majority of patients, however, do well with a greatly improved quality of life and the medium-term results are encouraging.
Introduction
Cystic fibrosis (CF) is a disease characterised by malabsorption, chronic bronchopulmonary infection and a high sweat sodium concentration. In 1938, 80% of babies died within the 1st year of life [1] . Indeed, CF used to be regarded as a disease which only affected children. In recent years survival has improved due a combination of factors including better paediatric care, advances in physiotherapy, nutrition, antibiotics and the establishment of special centres for the care of these patients. About 50% of CF patients in the UK now survive to over 20 years [2] . It is, however, still a disease with a terrible morbidity and mortality and it is against this background that transplantation has become an exciting advance. The first human heart-lung transplant was performed in 1961 for pulmonary vascular disease [10] . The first successful heart-lung transplants for CF were carried out in the United Kingdom at Harefield and Papworth Hospitals in October 1985. Both these patients are still alive [6, 15] .
Patients with CF requiring organ transplantation are usually younger than other patients requiring transplantation, and they are usually extremely well motivated.
Abbreviations: CF = Cystic fibrosis; FEV1 = forced expiratory volume in i s; FVC = forced vital capacity They are used to taking regular medication and frequent clinic attendance. The parents and family are good at providing support. There are, however, special considerations when considering transplantation for a patient with CF. The majority of patients are malnourished due to malabsorption, and they will require higher doses of cyclosporin after transplantation than other patients. Many patients have chronically infected sinuses and these must not be allowed to infect the transplanted lung. There is a high incidence of diabetes mellitus and established liver disease. There may be additional problems with electrolytes, meconium ileus equivalent and acute joint disease in the post-operative period.
Single lung transplantation would not be suitable for a CF patient as the remaining lung would be a source of infection. Double lung transplantation has given poor results in the past due to anastomotic problems [9] . Bilateral single lung transplantation needs further evaluation. The best results to date for transplantation in patients with CF has been by using the heart-lung transplantation technique which will be subject of the rest of this paper.
Assessment
The selection criteria for heart-lung transplantation used in our unit are shown in Table 1 . Many centres will not accept patients with increased risk factors. Patients should only be accepted for transplantation if they have deteriorating chronic respiratory failure with a severely impaired quality of life in spite of optimal medical treatment. Many patients are referred for assessment who, if conventional treatment is improved, do not need transplantation. High doses of corticosteroids are a contraindication but patients taking up to 10 mg of prednisolone have been successfully transplanted. If a patient is known to be non-compliant with treatment or clinic attendance they should not be selected for the transplant programme. Mycobacterial or Aspergilhts infection should be eliminated. We no longer regard diabetes mellitus as a contraindication. Indeed many patients who are not diabetic before surgery become transiently diabetic in the postoperative period. Severe liver dysfunction is a major risk factor as this might impair the patient's ability to handle immunosuppressive drugs. Some patients with severe liver disease have required a heart-lung and liver transplant [15] . Patients receiving pre-operative ventilation requiring intubation of the airway in general do not do well, but patients requiring assisted ventilation using a nasal ventilation technique have done very well after transplantation [5] .
A detailed physical and psychosocial assessment is undertaken usually as an in-patient. This will take about a week and give the patient and their family an opportunity to get to know the staff. A full history and examination is performed, assessment of quality of life and psychosocial suitability is undertaken. A detailed dental and ear, nose and throat report are required. Lung function is measured, in particular forced expiratory volume in 1 s (FEV 0, forced vital capacity (FVC) and blood gas analysis at rest and on exertion. At the time of being accepted for transplantation most patients have an FEV1 and FVC of about 30% predicted. Oxygen saturation at rest are usually between 80%-90% with marked desaturation on exertion. In addition to the chest radiograph a high resolution CT scan of the thorax is undertaken to assess the state of the pleura. Patients with CF often have extensive pleural adhesions and it is essential that the surgeon knows before surgery. Some patients require preliminary thoracotomy. Detailed haematological, microbiological, and biochemical investigations are completed, as are tests of hepatic function. Serology, for cytomegalovirus, Epstein-Barr virus, Australia antigen, toxoplasmosis, human immunodeficiency virus and herpes are performed. The state of the patient's heart is assessed using ECG, echocardiogram and 24 h tape. Microbiological examination of the sputum is undertaken for pathogens, acid fast bacilli and fungus. It is essential to know what antibiotic to give the patient following transplantation. The majority of patients are growing Pseudomonas aeruginosa in their sputum, although patients with Pseudomonas cepacia or methicillin resistant Staphylococcos aureus have been successfully transplanted.
Preparation of patients
It is important that time is taken to prepare the patient and the family properly. They should be told the risks of the procedure, the chances of success and exactly what to expect in the intensive care and post-operative period. They should be told that once they are on the waiting list there is no guarantee that a suitable donor organ will be found for them in time. Unfortunately there are more patients needing transplantation than there are suitable organs available. It is often helpful if the patient can meet another CF patient and their family who has had a successful transplant. The patient and family must be aware of the need for very detailed post-operative follow up with frequent out-patient visits. He must understand that he will need to take daily immunosuppressive drugs for the rest of his life. He should be gently helped to understand that transplantation is not some kind of magic but that he will exchange CF lungs for the discipline of living with transplanted lungs. He should also be informed that there is a small chance that transplanted lungs may develop obliterative bronchiolitis.
When fully informed of all the facts most patients and their families will wish to go ahead and be placed on the transplant waiting list. They know that without transplantation they have a minimal chance of survival but with transplantation there is a good chance that they may do well and they appreciate the opportunity for an improvement in their quality life.
Waiting for surgery
Once the patient is accepted onto the waiting list it is necessary that they can be found at all times. They must stay near the telephone or carry an air-call bleep. Malnourished patients have their nutrition improved during this time. This is done by the oral route whenever possible but in very disabled, frail patients feeding using an elemental diet via a gastrostomy tube is often very successful. If there is any deterioration in the patient's symptoms they are immediately admitted to hospital for intensive treatment.
Surgery
The major matching criteria are ABO blood group, cytomegalovirus status and size. When a suitable organ is identified the patient is moved to the hospital and prepared for surgery. Occasionally when the preliminary tests on the donor organ are completed, surgery is cancelled. This can be a great source of disappointment and the patient should be warned ahead of time that this might happen, Most patients take part in a "domino procedure" [15] . The CF patient receives the heart-lung transplant and the heart which is no longer required is used to save a patient who needs a heart transplant. Many patients with CF have serious bleeding problems due to their extensive pleural disease. This is less of a problem since the surgeons began using aprotinin and the Argon coagulator. Patients will be nursed in the intensive care unit for 3/4 days and the majority will be off the ventilator within 48 h. When the patient returns to the ward he is mobilised as soon as possible and the average stay in hospital is about 4-6 weeks.
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Immunosuppression
The main drugs used are cyclosporin, azathioprine and antithymocyte globulin. Cyclosporin A is given to achieve levels of 500 ng/ml (whole blood monoclonal antibody assay technique) in the 1st month, renal function permitting. Initially this is given intravenously and then when the patient's bowel function returns, it is given orally. Methylprednisolone is given 125 mg i.v. twice daily for the first two post-operative days until the cyclosporin A levels reach 300 ng/ml. In addition the patient receives azathioprine 1-2mg/kg per day and rabbit antithymocyte globulin (100 mg on alternative days) for the first 10 post-operative days. Steroids are used to treat episodes of rejection, and occasionally additional RATG and OKT3 are used. The usual maintenance immunosuppression which these patients take for the rest of their lives is cyclosporin and azathioprine.
Post-operative care
In addition to maintaining adequate immunosuppression the other major problem in the early post-operative period is infection, particularly with Pseudomonas aerguinosa and cytomegalovirus. All patients with pre-operative pseudomonal infection receive intravenous antipseudomonal treatment for 2 weeks together with long-term aerosol colomycin. Patients can usually eat within a few days of surgery. If, however, they are unable to eat they should be fed via a nasogastric or gastrostomy tube or in some cases parenteral nutrition is required.
Pulmonary function is monitored closely and any episodes of loss of pulmonary function immediately investigated with fibre optic bronchoscopy and biopsy. Appropriate treatment can then be given for infection or rejection.
Patients learn to administer their own medications and complete a daily record book recording the drugs they have taken, their temperature, weight, FEV~ and FVC. They take a small portable respiratory function meter home. Any changes in these vital parameters are reported at once to the transplant centre. Post-operative complications include bleeding, infection, rejection, obliterative bronchiolitis, lymphomas, bronchial stenosis, meconium ileus equivalent, volvulus, diabetes mellitus, polyarthritis and nasal polyps.
The largest experience in heart-lung transplantation for CF has been obtained in the UK. The Cambridge team has reported actuarial survival to i year of 78% for CF patients [11] . However, when patients aged 5-15 are considered separately, the actuarial survival to 1 year is 55% [14] . The largest series has been reported by Professor Yacoub's team from Harefield [7, 8] . Between September 1984 and March 1991, 79 patients underwent heart-lung transplantation at Harefield Hospital. Three patients received combined heart-lung and liver transplants. Of these patients, 38 donated their hearts as part of the "domino" procedure. There were 39 males and 40 females, age range being 8-43 years (Fig. 1) . The five patients under 10 years of age were 8 and 9 years old. Actuarial survival of the whole group was 69% to 1 year and 54% to 2 years. There were 31 deaths due to infection (11), multi-organ failure (8), haemorrhage (6), cerebral vascular accident (2), obliterative bronchiolitis (2), anastomotic dehiscence (1) and hyperacute rejection (1). Sixteen of their patients developed obliterative bronchiolits. The mean post-operative lung function at I year was 75% predicted, There may be a higher incidence of acute episodes of rejection and of obliterative bronchiolitis in the younger patients. A North American group reported a 43% actuarial survival to 1 year in 33 CF patients [4] . The reasons for the difference in the North America and UK series may be multifactorial but it is noteworthy that 10 of the 14 centres performed two or fewer heart-lung transplants for CF. This may mean that the surgical, and in particular the medical teams, did not obtain enough experience in managing the complicated medical problems of these patients. Professor Yacoub's team report FEVt and FVC being maintained at 67% and 70% respectively at 1 year, 69% and 69% at 2 years, and 59% and 65% at 3 years.
Many patients who have had successful heart-lung transplants have returned to school, work or higher education. Some have married and others gone on overseas holidays. There is no dobut that the quality of life after transplantation is better than before [3, 15] . Warner [12] has recently emphasised that when one considers children, the proportion of patients who do well is only a small percentage of those originally referred for assessment. He emphasises the need for very careful counselling for both the patients and families and careful selection for the transplant waiting list.
Challenges
The number of patients who would benefit from heartlung transplantation for CF and other pulmonary and cardiac diseases is increasing. Surgical techniques have improved so that patients who were once thought to be inoperable can now be successfully treated. There are not enough human donor organs available and much $58 work needs to be done on the immunology of cross-species transplantation before the use of animal organs becomes an option. In the meantime everything possible must be done to make sure that as many suitable donor organs as possible are offered for transplantation. This involves education of medical and nursing staff as well as the general public.
Transplantation is an expensive form of treatment but it may be that the heavy costs of caring for a very sick pre-operative CF patient is more than the cost of a transplant. Routine CF care is very expensive due to the number of hospital admissions and i.v. antipseudomonal antibiotics. There seems little doubt that transplanted lungs do not develop CF [13] . Patients must realise that successful heart-lung transplantation is not going to cure their CF, which is a multisystem disease but gives them an opportunity to survive and transfer from one treatment modality to another. They will be liable to episodes of infection and rejection for the rest of their lives and careful monitoring is essential. A small proportion of patients develop obliterative bronchiolitis and in some cases this can be controlled by adjusting immunosuppression but in other cases it is fatal unless the patient can be successfully retransplanted. More work is needed on the prevention and treatment of this complication. It is important that we give psychosocial support, not only to the patients and their relatives while they are waiting for transplantation, but also to the relatives whose loved ones die and to the patients who do well. Patients who do well may require support in adjusting to a more normal lifestyle after years of ill health.
The majority of heart-lung transplants for CF have been performed on patients in their 20s and 30s. There is definite impression that younger patients do not do as well. It would therefore seem appropriate that great care is taken that no young patient is put on the transplant waiting list who will still respond to conventional medical treatment.
Discussion
The results of heart-lung transplantation for CF in the medium-term are so far encouraging. There are still many problems to be overcome. It is hoped that medical treatment for CF will improve as new treatments are developed and perhaps the day will come when end stage respiratory failure is prevented. Until that time arrives, CF patients, their families and physicians, are very grateful to the surgeons and their medical teams for their dedication and the pioneering work that they have performed.
